ABSTRACT. We evaluated the clinical significance and explored the prognostic value of serum endothelial cell-specific molecule-1 (ESM-1) expression in colorectal cancer (CRC) in a Chinese population. Serum samples were obtained from 89 CRC patients undergoing surgical treatment and 90 healthy volunteers (control group). ESM-1 levels in serum samples from CRC patients and controls were measured using a sandwich enzyme-linked immunosorbent assay. Overall survival was analyzed by the log-rank test, and survival curves were plotted according to the Kaplan-Meier method. Univariate Cox regression was performed on each clinical covariate to examine its influence on patient survival. Final multivariate models were based on step-wise addition. Serum ESM-1 expression levels were significantly higher in patients with CRC (66.81 ± 22.97 pg/mL) than in healthy volunteers (31.50 ± 16.81 pg/mL, P = 0.012). Expression levels of ESM-1 in CRC patients were significantly correlated with histological differentiation (P = 0.004), TNM stage (P = 0.007), depth of tumor invasion (P = 0.02), and lymph node metastasis (P = 0.001). Kaplan-Meier survival curves revealed that the overall survival was significantly lower in patients with high ESM-1 levels than in those with low levels (29.43 vs 61.20%, P = 0.0166). Multivariate analysis confirmed that the hazard risk of 5520 H. Jiang et al. ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 14 (2): 5519-5526 (2015) death was significantly higher in patients with high serum ESM-1 expression compared with low expression (hazard risk = 4.09, 95% confidence interval: 2.27-10.88, P < 0.001). Detection of ESM-1 levels in the serum may serve as a tumor biomarker for assessing prognosis in CRC.
INTRODUCTION
Colorectal cancer (CRC) is the third most commonly diagnosed cancer worldwide in males and second in females, with over 1.2 million new cases diagnosed in 2008 and accounting for 9.7% of all incident cancers (Siegel et al., 2014) . The exact mechanism responsible for CRC development is unknown (Akhtar et al., 2014; Fujii and Sato, 2014) . Despite the use of multimodel treatment strategies, including surgery, perioperative chemotherapy, radiotherapy, and targeted therapy, CRC is still the second leading cause of cancer-related death in Western countries (Weitz et al., 2005) . Therefore, there is a crucial need to identify novel cancer-related genes for predicting the progression and prognosis of CRC as well as to help establish treatment strategies.
Endothelial cell-specific molecule-1 (ESM-1), also known as endocan, is a dermatan sulfate proteoglycan that was initially cloned in 1996 from a human endothelial cell cDNA library (Lassalle et al., 1996; Béchard et al., 2001) . ESM-1 is a 50-kDa cysteine-rich proteoglycan, of which approximately 30 kDa corresponds to a single dermatan sulfate chain (Lassalle et al., 1996; Béchard et al., 2001; Sarrazin et al., 2006) . Previous studies have shown that ESM-1 is secreted by vascular endothelial cells, epithelial cells lining renal distal tubules, bronchi, and lung submucosal glands (Béchard et al., 2000; Abid et al., 2006) . ESM-1 is overexpressed in the vascular endothelium of renal cell carcinoma, breast carcinoma, glioma, nonsmall cell lung cancer, and CRC (Aitkenhead et al., 2002; Grigoriu et al., 2006; Scherpereel et al., 2006) . Previously, Ji et al. (2010) found that expression of ESM-1 was increased in the serum of CRC patients and that ESM-1 may be used as a serum marker for the early detection of CRC; furthermore, higher serum ESM-1 level was correlated with poor prognosis. However, the association between the serum level of ESM-1 and the prognosis of CRC patients has not been investigated in the Chinese population. In this study, we examined the clinical significance and explored the prognostic value of serum ESM-1 expression level in CRC in a Chinese population.
MATERIAL AND METHODS

Patients and blood specimens
We collected preoperative blood specimens from 89 patients diagnosed with CRC (51 males and 38 females; age range, 31-88 years) who had not undergone any form of preoperative chemotherapy or radiation therapy at the Department of Colorectal Surgery, Binzhou Medical University Hospital, Binzhou, China between March 2008 and June 2013. Furthermore, patients who suffered from other cancers were excluded. Patients were classified ac-cording to the tumor-node-metastasis (TNM) classification of the International Union against Cancer. The control group included peripheral blood specimens collected from 90 healthy volunteers (52 males and 38 females; age range, 29-74 years) who had never received a diagnosis of malignancy. The clinicopathological parameters of CRC patients are shown in Table  1 . Serum samples were obtained after centrifugation from peripheral venous blood and immediately stored at -80°C until use. Before enrollment, this study protocol was approved by the ethics committee of Binzhou Medical University Hospital. Informed consent was obtained from each of the recruited patients and health volunteers. 
Sandwich enzyme-linked immunosorbent assay (ELISA) for ESM-1
The ESM-1 ELISA kits were obtained from Atila Biosystems (Palo Alto, CA, USA) and used to detect ESM-1 according to manufacturer instructions. All samples were coded using a numbering system and were analyzed by technicians in our laboratory who were not aware of the disease state of the patients. A microwell plate was coated with 100 μL capture antibody (1 μg/mL) against ESM-1, incubated overnight at 4°C, and then coated again with 1% bovine serum albumin. Next, 100 μL serially diluted ESM-1 standard solution and samples diluted 5-fold in dilution buffer (2% bovine serum albumin in phosphate-buffered saline containing Tween 20) were added to wells in duplicate and incubated with 0.25 μg/mL detection antibody for 1 h at room temperature. After washing the wells with phosphate-buffered saline containing Tween 20, 100 μL diluted horseradish peroxidase-conjugated strepatvidin was added to each well and incubated for 30 min. Subsequently, tetramethylbenzidine solution was added to the wells, and the reaction was stopped using 1N H 2 SO 4 solution. Absorbance was then measured at 450 nm using a spectrophotometer (Molecular Devices, Sunnyvale, CA, USA).
Statistical analysis
Statistical analyses were performed using the SPSS 18.0 software (Chicago, IL, USA) and the GraphPad Prism 5 (GraphPad Software Inc., CA, USA). Numerical variables were recorded as means ± standard deviation and analyzed by independent Student t-tests. Categorical variables are presented as rates and were analyzed using the chi-square test or Fisher's exact test. Overall survival was analyzed by the log-rank test, and survival curves were plotted according to the Kaplan-Meier method. Univariate Cox regression was performed on each clinical covariate to examine its influence on patient survival. Final multivariate models were based on step-wise addition. P-values < 0.05 were considered to be statistically significant.
RESULTS
Comparison of serum ESM-1 expression levels between CRC patients and healthy controls
A sandwich ELISA was used to detect the expression levels of serum ESM-1 from 89 patients with CRC and 90 healthy volunteers. As shown in Figure 1 , serum ESM-1 expression levels were significantly higher in patients with CRC (66.81 ± 22.97 pg/mL) than those in healthy volunteers (31.50 ± 16.81 pg/mL, P = 0.012). 
Correlations between serum ESM-1 expression levels and clinicopathological features of CRC patients
In order to determine the clinical significance of ESM-1, we correlated the ESM-1 expression levels with patients' clinicopathological features (Table 1) . We found that the expression levels of ESM-1 in patients with CRC were significantly correlated with histological differentiation (P = 0.004), TNM stage (P = 0.007), depth of tumor invasion (P = 0.02), and lymph node metastasis (P = 0.001). However, no statistically significant correlations between ESM-1 expression levels and gender, age, tumor location, tumor size, or serum carcinoembryonic antigen (CEA) level were observed (all P > 0.05).
Relationship between serum ESM-1 expression levels and survival in 89 CRC patients
Based on the median value of serum ESM-1 levels, we selected a cut-off value of 68.4 pg/mL to divide the patients into 2 groups with low (N = 44) and high (N = 45) ESM-1 levels. Kaplan-Meier survival curves demonstrated that the overall survival rate was significantly lower in the patients with high levels of ESM-1 than in those with low levels (29.43 vs 61.20%, P = 0.0166, Figure 2 ). As shown in Table 2 , multivariate analysis confirmed that the hazard risk of death was significantly higher in patients with high serum expression levels of ESM-1 compared with low expression levels (hazard risk = 4.09, 95% confidence interval: 2.27-10.88, P < 0.001). In addition, a higher TNM stage (P = 0.002) was correlated with poorer histological differentiation (P = 0.006), and lymph node metastasis (P = 0.03) was also significantly associated with an elevated hazard risk of death in CRC patients. 
DISCUSSION
CRC is one of the leading causes of cancer-related deaths worldwide. Although there has been great progress in the diagnosis and prognosis of CRC over the past several decades, early detection screening methods must be improved and new prognostic biomarkers should be identified. Previously, Ji et al. (2010) found that expression of ESM-1 was increased in the serum of CRC patients and that ESM-1 can be used as a potential serum marker for the early detection of CRC. They showed that the ESM-1 levels in the serum of patients with CRC were significantly elevated (70.1 ± 29.7 pg/mL) compared to those in healthy subjects (29.7 ± 14.9 pg/mL). The accuracy, sensitivity, and specificity of ESM-1 for predicting CRC were 0.94, 99, and 73%, respectively, according to receiver operating characteristics curve analysis. The positive predictive value and negative predictive value were 63 and 95%, respectively. The likelihood ratios of a positive or negative test result were 73 and 0.27, respectively. When analyzed by Cox regression analysis, a higher serum ESM-1 level (≥76.0 pg/mL) was correlated with poor prognosis. However, the association between the serum level of ESM-1 and the prognosis of CRC patients has not been investigated in Chinese populations. In the present study, we examined the clinical significance and prognostic value of serum ESM-1 expression level in CRC in a Chinese population. We found that serum ESM-1 expression levels were significantly higher in patients with CRC than in healthy volunteers (P = 0.012). The expression levels of ESM-1 in patients with CRC were significantly correlated with histological differentiation, TNM stage, depth of tumor invasion, and lymph node metastasis. Kaplan-Meier survival curves revealed that the overall survival rate was significantly lower in the patients with high levels of ESM-1 than in those with low levels (P = 0.0166). Multivariate analysis confirmed that the hazard risk of death was significantly higher in patients with high serum expression levels of ESM-1 compared with low expression levels. These findings imply that serum ESM-1 level is involved in the development and metastasis of cancer, and may have prognostic significance in CRC.
ESM-1 is a 50-kDa secretory proteoglycan comprised of a mature polypeptide of 165 amino acids and a single dermatan sulfate chain covalently linked to the serine residue at position 137 (Sarrazin et al., 2006) . It is a key player in the regulation of cell adhesion, inflammatory disorders, and tumor progression. ESM-1 specifically associates with insulin-like growth factor to promote cell growth and proliferation, and its expression is induced by tumor necrosis factor-α and interleukin-1β (Lassalle et al., 1996; Sarrazin et al., 2006) . It is expressed by the vascular endothelium, freely circulates in the bloodstream, and has only 1 glycosaminoglycan chain (Sarrazin et al., 2006) . It was recently reported that ESM-1 is expressed in the tumor endothelium and induces tumor formation (Aitkenhead et al., 2002; Scherpereel et al., 2003) . Levels of ESM-1 are increased in vascular endothelial growth factor-α treated endothelial cells and in human renal clear cell carcinoma (Rennel et al., 2007) . High expression of ESM-1 has been shown to be correlated with poor prognosis and metastasis in several types of human cancers, including breast, renal, lung, liver, and brain cancer (Sarrazin et al., 2006; Huang et al., 2009; Maurage et al., 2009 ). In addition, serum ESM-1 level was correlated with survival and time to tumor progression in lung cancer as well as gastric cancer Sun et al., 2014) . Grigoriu et al. (2006) evaluated the expression of ESM-1 in non-small cell lung tumors compared with normal lungs and studied the significance of high levels of circulating ESM-1 in patients with non-small cell lung cancer. They demonstrated that ESM-1 was overexpressed in non-small cell lung tumors compared with healthy lungs and likely represents the response of the tumoral endothelium to proangiogenic growth factor stimulation. Circulating levels of ESM-1 may reflect tumor angiogenic stimulation and be of prognostic significance. Sun et al. (2014) found that compared to healthy volunteers, serum ESM-1 levels in gastric cancer patients were increased (P < 0.01). The sensitivity and specificity of serum ESM-1 were 73.9 and 51.2%, respectively. In contrast, the sensitivities of CEA, CA19-9, and CA72-4 were only 16.1, 18.3, and 23.2% respectively. In addition, high level of serum ESM-1 indicated poor outcomes (P < 0.05). Therefore, serum ESM-1 level may be a potential serum marker for the diagnosis and prediction of prognosis of gastric cancer patients (Sun et al., 2014) . Our findings are consistent with the findings of the previous study. A limitation of the present study was the small number of patients examined. Further studies including larger sample numbers are needed to confirm whether serum ESM-1 level can be used as a prognostic marker for CRC.
In conclusion, we found that serum ESM-1 levels were significantly elevated in patients with CRC compared with in control subjects and that the overall survival rate was significantly lower in patients with high levels of ESM-1 than in those with low levels. These findings indicate that serum ESM-1 level can be used as a novel prognostic marker of CRC.
